to as normal fibroblasts, and (b) fibroblasts of the L line (2). The subline of L cells kept in this Institute is weakly tumorigenic (all previously irradiated C3H mice injected with 106 cells developed tumors). Possibly the characteristics of this subline (e.g., sensitivity to topoinhibition) are somewhat different from those of L cells maintained in other laboratories (3); however, comparison is difficult as the detailed characteristics of other sublines are not published. Absence of pleuropneumonia-like organisms was checked by autoradiography with [3H]thymidine. Methods of cell culture, of wounding the confluent cultures, of autoradiography, of time-lapse microcinematography, and of transmission electron microscopy were described (4, 5). For scanning electron microscopy, cells cultured on coverslip were fixed in 5% glutaraldehyde, dehydrated in alcohols and in amylacetate, shadowed with silver, and examined with a Stereoscan microscope (Cambridge Instruments Ltd.).
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The aim of the experiments described in this paper was to find out why neoplastic fibroblasts of the L line grown together with their parent cells (mouse embryo fibroblasts) are sorted out from these cells and form the colonies above the normal monolayer. This ability to grow at the top of a sheet of normal cells is a characteristic property of many types of tumor cells, although there are few types of transformed cells that do not grow under these conditions (1).
Data presented in the first part of this paper suggest that the behavior of L cells cannot be adequately described as due to loss of contact inhibition of movements or of topoinhibition of growth. Decreased attachment of L cells to the glass appears to be the main factor responsible for their abnormal interactions with embryo fibroblasts.
The second part of the paper deals with the possible structural basis of this deficient attachment. (a) Their rate of proliferation is density-dependent. The proportion of nuclei in the cultures pulse-labeled with [3H]dT that were fixed at 40 hr after change of medium gradually decreased as cell density increased. At 20-24 hr after wounding, the proportion of labeled nuclei in the wounded area of a confluent culture was much higher than in the surrounding cell sheet. The index of topoinhibition (6) for cultures in 0.2% serum-medium was 0.8-0.9. Saturation density was 6 X 105-10 X 105 cells/cm2, as compared with 4 X 105-5 X 105 cells/ cm2 for normal fibroblasts. Labeled L cells seeded upon the monolayer of the same cells were incorporated into this monolayer and did not increase in number (Fig. 1) .
(b) Contact inhibition of movement is obvious. The index of nuclear overlapping (7) in dense cultures was 0.2-0.3, lower than in cultures of normal fibroblasts (0.4-0.5). Microcinematography showed that contact of the leading edges of two L cells was usually followed by the retraction of these edges. This retraction was more pronounced than that observed after collision of two (a) The leading edge of the normal cell made contact with the leading edge of an L cell. Movement of both edges stopped and retraction of the edge of the L cell was more pronounced than that of the normal cell. Often in the course of this retraction, the whole cytoplasmatic process carrying the leading edge was detached from the substratum and drawn into the -~7. 4-.. body of the L cell. Then, movement of the normal cell resumed and it occupied the area of the glass freed by the retracting L cell.
(b) When the leading edge of the normal cell touched the lateral edge of the cytoplasmatic process of L cell, it continued to move under this process and eventually detached it from the substratum.
The overall result of the series of collisions of these two cell types was that normal cells gradually displaced most Diameter, total cell area, and area of lamellar cytoplasm (see text) were measured. Each figure is the mean value for one culture (+SE)
(the values for n, the total number of cells measured, ranged from 40 to 100).
Defective Attachment of L Cells to the Substratum. As described above, L cells contract their leading edges after colliding with other L cells or normal fibroblasts. Such a contraction is the main manifestation of contact inhibition of movement (8, 9) . Thus, the appearance of L cells on the surface of a sheet of normal cells cannot be explained by the loss of contact inhibition. L cells are less spread on the glass than are normal fibroblasts. This observation suggests that some reaction(s) involved in the attachment of L cells to the glass are deficient. The main features of the collisions between L cells and normal fibroblasts are easily explained by a decreased attachment of L cells to glass: (a) the leading edges of L cells are more easily detached from the glass during retraction and (b) the leading edges of normal fibroblasts can pass between the substratum and the poorly-attached lateral side of the L cell (so-called "underlapping") (9-11).
All L cells in an isolated culture have evenly decreased attachment; therefore, they form a single layer on the substratum. In mixed culture there are two types of cells with different attachment affinities; therefore, they sort out into two separate layers.
These considerations induced us to look for structural changes in L cells to correlate with their decreased attachment. Attachment of normal fibroblasts is accompanied by the formation of flattened regions of cytoplasm that are spread upon the substratum and appear to be firmly attached to it. Several authors (12, 13) have suggested that these lamellar regions play the leading role in the cell-substratum attachment.
Lamellar cytoplasm of normal fibroblasts and L cells
Normal Fibroblasts. Cytoplasm of fibroblasts spread on glass is divided into two structurally different zones: (a) more central perinuclear zone ("endoplasm"), with numerous granules visible by light microscopy and, (b) peripheral zone with a flattened upper surface and without large granules; this zone will be referred to as lamellar cytoplasm or lamelloplasm. Often near the external edge of lamellar cytoplasm one may see thin veil-like projections (lamellipodia) (13) (14) (15) .
In phase-contrast microphotographs of living cells, one can distinguish lamelloplasm from endoplasm by the absence of large granules; therefore, one may measure separately the areas of these two parts of the cytoplasm (Fig. 2 and Table 1 ).
Lamelloplasm can also be distinguished from the endoplasm by scanning electron micrography (Fig. 3a) ; the surface of lamelloplasm is more flat and is approximately parallel to the substratum. There is no visible gap between the external edge of lamelloplasm and the substratum. The relative areas of lamelloplasm and endoplasm in these micrographs were similar to those measured in phase-contrast micrographs. Lamelloplasm of normal cells usually forms a single plate or is divided into 2-3 separate regions, and is located mainly in the anterior part of the moving fibroblasts (Fig. 3) . Attachment to the Glass. To study these stages, we fixed the cells attached to the glass 30-60 min after adding the cell suspension to the culture medium; these cells were examined with a scanning electron microscope. The appearance of normal cells was strikingly different from that of L cells. Some normal fibroblasts have a spherical cell body with several flattened projections spread on the substratum. Most normal cells were more spread and had a circular band of lamelloplasm at their periphery (Fig 4a) . Most L cells had numerous long processes sprouting from various parts of the cell body; the ends of these processes were attached to the glass (Fig. 4b) . A few more-spread cells had at their periphery several separate, wider outgrowths with numerous microvilli at their edges.
Effects of Colcemide. Colcemide in concentrations causing disappearance of microtubules (0.05-0.1 jig/ml) did not affect the distinctive characteristics of surface relief seen in scanning electron micrographs of fully-spread or newly-attached normal and L cells. The main change in the lamelloplasm caused by colcemide in fully spread fibroblasts of both types was disappearance of its polar localization near the anterior end of the cell. Differences in the relative areas of lamelloplasm between normal and L cells decreased somewhat after incubation with colcemide, but remained statistically significant (Table 1) .
Possible mechanisms of the formation of lamelloplasm
The results presented above indicate that one should distinguish between two different processes determining the shape of normal fibroblasts attached to the substratum: (a) formation of lamellar cytoplasm and (b) polarization of distribution of the lamellar cytoplasm. In the course of attachment, the first process takes place later than the second one (compare Fig. 3a and 4a ). Colcemide does not inhibit the formation of lamelloplasm, but prevents its asymmetrical distribution. Thus, the formation of microtubules seems to be essential for polarization, but not for formation of lamellar cytoplasm. Characteristics of this colcemide-sensitive process (stabilization of the cell surface) were discussed elsewhere (5). The first of these two processes is definitely abnormal in L cells: abnormalities in the formation of lamelloplasm are already observed at the early stages of attachment; they do not disappear in colcemide-treated cells. It is not clear whether the second colcemide-sensitive process is also changed in L cells. These changes, if any, are superimposed upon the deficiency of the first colcemide-insensitive process.
One of the main characteristics of this deficiency is disintegration of the formation of lamelloplasm. This is most obvious at the early stages of attachment; L cells, in contrast to normal L cells and that of normal fibroblasts in sparse cultures were:
Proc. Nat. Acad. Sci. USA 69 (1972) cells, react to the substrate not by forming a single ring of Proc. Nat. Acad. Sci. USA 69 (1972) lamelloplasm, but by sprouting out numerous processes unconnected with each other. What is the possible nature of the reactions involved in the formation of lamellar cytoplasm? In normal cells, this structure is formed only when they are in contact with the substratum. Therefore, one may suggest that its formation is induced by the interaction of the cell surface with the substratum. The surface area of the cell is considerably increased during its attachment. This increase may be a result of the disappearance of surface folds (16) (15) suggests that new surface is continuously formed at the anterior edge of a fibroblast. Both disappearance of folds and formation of new surface require some intracellular flow of materials to the site of formation of lamelloplasm. Microfibrils may be somehow connected with this flow (17) .
In sum, these considerations imply that formation of lamelloplasm is somewhat similar to the secretory process; inter-.W,~~~~~p 
CONCLUDING REMARKS
Results presented in the first part of this paper show that behavior of L cells in mixed culture is a more sensitive test of their transformed character than their behavior in isolated cultures. This conclusion is worth testing in other cell strains characterized by relatively normal behavior in isolated cultures.
The position of L cells with regard to other cells appears to be essential for regulation of their growth; replication of these cells is inhibited by neighbor cells in the same layer of the isolated culture, but not by underlying cells in mixed culture.
The disintegration of formation of lamellar cytoplasm described above may be the basis of the detachment from the glass surface of L cells by normal cells. This disintegration may also explain decreased selectivity of the attachment of L cells to different regions of the grooved substrata (18) ; larger areas of the flat substratum are needed to accommodate the lamelloplasm of normal fibroblasts, as compared with smaller lamellar zones of L cells. Firm cell-cell attachments are not formed by L fibroblasts in isolated or mixed cultures, but it is impossible to say whether this deficiency is connected in any way with the changes in their lamelloplasm.
Further studies are necessary to find out whether the deficient formation of lamelloplasm is characteristic of other strains of transformed cells besides L fibroblasts.
Decreased attachment of transformed cells to the substratum has been mentioned in several papers (19 
